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Abstract 

This work continues a series of our publications dedicated to a search and study of low-mass 

(M < 1.2 GeV/c ) uq - mesons produced in reaction np npn rr at Pn = (5.20 ± 0.12) GeV/c . 

In comparison with the above mentioned publications, more strict criteria have been used by us in this 
work to select events on track measurements accuracy as well as on the event selection of the reaction 
under consideration. 

The spectrum of effective masses of jt'^tt" -combinations was studied for the events in which 
a secondary proton flies forward to the centre of mass system of the reaction (cos0p >0). This kind of 

selection enabled us to reduce the background from ;7-mesons belonging to the nucleon isobars. 
In the distribution of the n^n' combinations effective masses we have found 8 peculiarities. 
All the observable peculiarities have spins equal to zero. 

We have also investigated studied systems n'li' and n'li" in the reactions np — > ppn^n'n' and 

np — > ppn'n^ . There were no picks corresponding to those found in the reactions np —¥ npn^n' in 
the distributions of the effective masses of the combinations mentioned above. Thus, it follows that 
isotropic spins of all the peculiarities observed by us in the system n'^n' , are equal to zero. 

So, we have observed a row of resonances with a set of quantum numbers 0^(0*^) - ao -mesons 
decaying on the channel Og n^n' . 

1. Introduction 

This work is devoted to a search for cind study of low-mass (M < L2 GeV/c^) resonances in 

the TT^Ti:' -system. Their existence can clarify the properties of low-lying scalar mesons (the so-called 
-mesons), whose investigation is import£int both for the mechanism of realization of chircil 

symmetry for corresponding Lagrangians and for an adequate description of an attractive part of 
the nucleon-nucleon interaction potential [1]. 

Different theoretical models give various predictions for masses and widths of a„ -mesons. 

Early quark bag models gave >1.5GeV/c^ and > 0.5 GeV/c^ [2]. Later works predicted 

= 500 1000 MeV/c' and T^^ = 200 500 MeV/c' for low-lying (^^) -states [3]. Some models of 

a spontaneous break of chiral symmetry predict M^^ « 700 MeV/c^ and F^^ > 500 MeV/c^ [4]. 

Using QCD sum rules £ind assuming that the -meson is a low-lying glueball, the calculations give 

the following predictions: M^^ = 280 ^ 700 MeV/c' and F^^ =2H-60MeV/c' [5] (see also [6]). 

As one can see from the works mentioned above there are no common understanding of nature 
of - mesons £ind therefore its properties. This can be explained best of dl with the absence of direct 

observation of Oq- mesons in experiments (all data about a^- mesons were obtained from 
the PWA analysis). 
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However the understanding of properties of - mesons is important not only from the point of 

view of theory but also for the analysis of data which are obtained at the HADES spectrometer [7] and 
for an experiment on searching the mixed phase in nuclei-nuclei collisions, which is planned at 
the nuclotron of the VBLHE JINR [8]. 

2. Selection of kinematics criteria and results of investigations 

This paper continues a series of our works, devoted to the study of the n^n' -system, with 
different kinematics criteria [9]. 

The data were obtained in an exposure of the Im H2 bubble chamber of LHE (JINR) to 
a quasimonochromatic neutron beam (AP^, * 2.5%, AQ^^^,^^^, = 10^^ sterad.) due to the acceleration 
of deuterons by synchrophasotron of LHE. The neutron channel has been detailed in [10]. 

The accuracy of momenta of secondary charged particles from the reaction np npn^n' are: 

dP~2% for protons and 5P»3% for tt^ and 71' . The angular accuracy was < 0.5°. 

The channels of the reactions were separated by the standard % -method taking into account 
the corresponding coupling equations [11-13]. 

In this work in comparison with previous ones we made more hard selection of events taking 
into account track measurement precise. Border value of % for using the events from the reaction 
channel np npn^Tt' is yj' < 1.5 (fig. la). Some cut of missing mass reconstructed after fit-procedure 
was made. 

At fig. lb the missing mass distribution in the selected reaction np ^ npn*n' is shown. 
One can see that the distribution has a maximum at the missing mass equal to the neutron mass with 
accuracy of 0.1 MeV/c and is symmetric about the neutron mass. The width at the half-height 
is 20 MeV/c^ 
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Figure la Figure lb 

The experimental (histogram) and the theoretical (curve) The missing mass distributions 

-distributions for the reaction np — > npn^n . for the reaction np — > npn^n . 

For more purity of data a small number of events with the missing masses out of green range 
were excluded. 

25864 events of the np npn^n' reaction are lost for the processing after application of all 
cuts. Note that an admixture of other reactions practically is absent. 

Earlier, we have already studied the reaction ^ npTr^Tr" [14], and OPE-exchange with 
a dominated exchange of the charged ;r-meson has been shown to be main mechanism of this reaction. 
It leads to a plentiful production (up to 70% of the total reaction cross section) of A"^^ and A~- 
resonances in the lower and upper vertices of the corresponding diagrams. 
The OPE mechanism gives a main part into the events with neutron flying into the forward 
hemisphere. 
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Therefore, it seems reasonable to study the resonances in the n^n -system of the reaction 
np ^ npn^Tz' selecting the events on condition that cos0*, >0. The total contribution of the A^"^ 

and A" -resonances is no more than 17% for these events, and the background from resonance decays 
decreases greatly. The number of events with cos0„ > is equal to 7647. 
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Figure .2 

The effective mass distribution of - combinations 

from the reaction np — > npiz^K at P^^ - (5.20 ±0.12) GeV/c. 

Green line - the background curve taken in the form of Legendre polynomial of 9"' degree. 
Red line - the sum of the background curve and the 8 resonance curves taken in the Breight-Wigner form. 

Figure. 2 shows the effective mass distribution of n^n' -combinations for the events with 
a secondary proton flying into the forward hemisphere in the c.m.s. of the reaction. 

The mass distribution is approximated by an incoherent sum of the background curve taken in 
the form of a superposition of Legendre polynomials and by resonance curves taken in 
the Breight-Wigner form. 

The requirements to the background curve are the following: 

> firstly, the errors of the coefficients must be not more than 50 % for each term of the polynomial; 

> secondly, the polynomial must describe the experimental distribution after "deletion" of 

resonance regions with x^=l-0 ^^id Vd=1.41 (the parameters of - distribution 
with 1 degree of freedom). 

The distribution on Fig. 2 is approximated by Legendre polynomial of the 9"^ power and 
by 8 resonance curves. The experimental values of the resonance masses (obtained by fitting 

procedure) are shown by arrows. The values y} and Vd for the background curve of the distribution 

in Fig. 2 (with resonance regions excluded) are equal to =0-98 + 0.19 and Vd =1.47+0.14. 
The contribution of the background to this distribution is 89%. 

The same values for the background curve normalized to 100% of events in the plot 

3 



(with resonance regions included) are equal to =1.20 + 0.15 and Vd =1.54 + 0.11 (Confidence 
Level 12%). 

The results of approximation are given in the Table 1 below. 

Table 1 
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The first column contains the experimental values of the resonjince masses (including 
errors) obtained in the process of approximation. 

The second cohimn contains the experimental values of the resonance widths. 

The third column contains the true values of the total width of the resonances. 
The mass resolution function [15] grows with increasing mass as: 

2 

+ 2.8, where: 



rres(M) = 4.2 



M-Im. /O.l 
i=l ^ ' 



M - the mass of the resonance, mi - the rest mass of the particles composing this resonance, 
M and mi are in GeV/c^; coefficients 4.2 and 2.8 are in MeV/c . 



The true width of a resonance is obtained by formula: = ) '{^ks Y ■ 

The fourth column contains the production cross sections for the corresponding resonances. 
For the cross sections errors, we have taken into account the cross section error for the reaction 
np^npn^n' at P„ =5.20Gey/c (%^„p^.^- = (6.22 ± 0.28)mZ; ) [12]. 

The fifth column contains the number of standard deviations of the effects above 
background: S.D. = N^^ 

has been inserted in RPP 



^151 MeVIc' 



. / '\l^back. • 

The observed resonance at the mass of 
since 2000, (S.D. = 6.0) [16]. 

3. Spin and isotopic spin of the resonances 

We have tried to estimate the values of spins of the observed resonances in tt^tt' - system. 

To do this, we constructed the distributions of emission angles of tt^ - meson from 
the resonance decay with respect to the direction of resonance emission in the general c.m.s. of 
the reaction. All the values are transformed to the resoucince rest system (helicity coordinate 
system) [17]. The backgrounds £ire constructed using events at the left and at the right of 
the corresponding resonance band and subtracted using the weight in proportion to a contribution of 
a background into resonance region. The result distributions (named "Cos 0" distribution) 
are described by a sum of even-power Legendre polynomial (when approximating it was essential that 
errors in coefficients of the selected Legendre polynomials should be less then 50%) with maximum 
power being equal to 2J, where J is a spin of the resonance. In such a manner the value of the lower 
limit of the resonance spin is estimated The authors are grateful to Dr. V. L. Lyuboshitz for 
the arrangement of the corresponding formulas. 
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The distributions of this angle are shown in Fig. 3. for the resonances at = 489 MeV / , 
Mj^ =519 MeV I and =162 MeV I . The sohd line corresponds to the isotropic distribution 
(i = 0). 

The distribution for other resonances have the same shape. 
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Figure 3 

The Cos distributions for the resonance spin estimations. 
Masses under investigation and statistical significances of description of corresponding distributions 

are shown near every graph. 
Therefore, the most probable spin values for these resonances are equal to 0. 
We don't observe corresponding resonances either in the n'n^ - system of the np ppn'n^ 
reaction, or in the n'n' - system of the np ppn^n'n' reaction, which also have been studied 
by us [15]. 

Therefore, it can be affirmed that all resonances which are observed by us have the quantum 
numbers l'^(J^'^) = 0'^(0"^"^) and may be identified as Oq - mesons. 

4. Comparison with other data 

A large number of publications are dedicated to the search and study of -mesons (see [16]). 

All of them are based on the PWA of TiN or pp - interactions. The obtained -meson masses 

ranging from 400 to 1200 MeV/c coincide with the sequence of masses observed in our experiment. 
Especially good coincidence can be obtained in the K-matrix approach [16]. However widths of 
resonances extracted from PWA are considerably larger than those obtained in our experiment. 
It may be necessary to use other ideas and more complicated methods of analysis to understand these 
phenomena better. 
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